As part of an investigation into lymphosarcoma of cattle in Scotland, the chromosomal constitution of circulating leucocytes from normal and affected cattle was studied. While this investigation was being conducted reports of unusual kaiyotypes found in the cells of cattle affected with lymphosarcoma were published from Canada (Basrur, Gilman and McSherry, 1964) , America (Hare et al., 1964) , and Sweden (Gustavsson and Rockborn, 1964) . Basrur ct al. (1964) reported a chromosomal abnormality in the cells from a lymph node of a cow with lymphosarcoma. Of the cells examined in a culture grown for 24 hours, 61 per cent carried one extra chromosome which resembled the X chromosome in being a large submetacentric. Hare et al. (1964) recorded six cases of lymphosarcoma in which a varying proportion of cells cultured from lymph nodes showed changes in the chromosomal constitution. Two other cows exhibited aneuploidy in the leucocytes cultured from peripheral blood.
In three cows with lymphatic leukaemia studied by Gustavsson and Rockborn (1964) , all the peripheral leucocytes examined showed 59 chromosomes. As all the cells showed an identical change, which was present also in the cells cultured from bone marrow and kidney of the foetus from one affected cow, Hare and McFeely (1966) have warned that the unusual chromosomal complement might have been inherited.
In our initial examinations of the chromosomes in cells obtained from peripheral blood cultures we were unable to find any obvious aberration. We attempted therefore to classify normal chromosomes by length so as to detect any fine differences. In this article details are given of the normal bovine chromosomes and of aneuploidy in one cow with lymphosarcoma. To calculate the relative lengths of the chromosomes, cells with well delineated straight chromosomes were photographed. Suitable negatives were projected on paper and the outline of the chromosomes traced, noting as exactly as possible the extremities of each. The length of each arm was measured along the midline, and the mean length calculated for each two chromosomes which most closely matched. The relative length was the percentage each mean represented of the total female haploid length.
RESULTS
We were able to confirm that the normal somatic chromosome number of Bos taurus was 60. This figure was based on counts made of the chromosomes in leucocytes from 6 normal cattle, 3 of each sex. The majority of cells had 60 chromosomes (Table I) . A few cells in 3 animals gave counts slightly greater or smaller than the diploid number. No reason for this spread was obvious and no significance was attached to it. The autosomal chromosomes of cattle differ from each other only in length, whereas the two sex chromosomes are readily identifiable (Fig. IA and iB) . The X chromosome is a large submetacentric and the Y a small submetacentric chromosome. The majority of the 58 autosomes have centromeres which appeared to be terminal, though occasional cells in some preparations showed chromosomes with distinct short arms and subterminal centromeres. These were not sufficiently consistent within or between preparations to allow regular unequivocal identification of individual chromosomes. It may well be that the centromeres are not situated at the extreme tip and that very short arms are present in all chromosomes but are so small as to be frequently hidden as suggested by Crossley and Clarke (1962) . Like them, we believe that the autosomes should be considered to be acrocentric.
As no other suitable feature could be found to identify pairs of autosomes, these had to be assorted on the basis of size alone. The mean relative length for each of the 29 pairs of autosomes has been calculated from a total of 10 mitotic figures seen in peripheral leucocyte cultures from 5 different normal individuals. of which 2 were males. The means and deviations for each pair of chromosomes are given in Fig. 2 length. Each relative length was then multiplied by a correction factor to increase the length of each chromosome, by an amount which would represent the proportion of the total length that each was shorter than if only 60 chromosomes had been present. The correction factor used was that given by the ratio of the mean relative length of the normal X chromosome to that of the X chromosome of the aneuploid cells, namely 1*14.
The corrected percentage lengths of the chromosomes, for each aneuploid cell independently, were compared with the mean relative chromosome lengths for the normal animals given in Table II . Where the length of one of the 62 chromo- somes, from the cells of the lymphosarcomatous cow, fell within one standard deviation on either side of the mean for a normal chromosome then it was presumed to be the equivalent of that particular chromosome. As there was overlapping in the mean lengths of the normal chromosomes, it was only possible to place the chromosomes in the position of best fit. In this way several possible groupings were examined. The one whichi appeared to fit the data best, however, was that given by a combination of extra and lost chromosomes. One single chromosome was noted which was longer than any of the others and which fell outside or at the limit of size of the first pair in the normal karyotype. In addition there appeared to be 2 extra chromosomes which, on length, were between the chromosome pairs 2 to 4. A further 3 chromosomes, additional to the normal complement, fell between chromosomes 6 to 8, and one extra chromosome with the chromosome 12 pair.
The loss of one chromosome occurred between chromosomes 16 to 20 and 2 from the shortest three pairs.
Thus there appeared to be 7 extra chromosomes up to chromosome 13 and 3 missing between chromosomes 16 to 29. A total increase of 4 chromosomes therefore occurred over the normal somatic number of 29 pairs. A karyotype based on this analysis is given in Fig. 4 .
DISCUSSION
The information obtained by this study of the normal bovine karyotype may aid the identification and positioning of abnormal chromosomes.
The abnormality observed in one cow with lymphosarcoma was detected readily because of the increase of 5 chromosomes over the normal karyotype number and by the presence of one large metacentric chromosome. On initial examination this latter resembled an additional female sex chromosome from which it differed however in that the centromere was central. Examination of the nuclei of cells from a section of a lymph node stained by Feulgen showed only one sex chromatin body but the cells examined may not have been those with the abnormal karyotype. The metacentric chromosome may have arisen however from the autosomes by one of several possible processes.
This description of an abnormal karyotype adds further evidence to existing reports of the association between changes in the chromosomal constitution of leucocytes and lymphosarcoma in cattle (Basrur et al., 1964; Hare et al., 1964) . No constant pattern of change has been noted in all the cases reported nor did all the leucocytes from any one animal have the abnormal karyotype in the cases recorded by Basrur et al. and Hare et al. and the one described in this article.
The neoplastic cells may have arisen, for whatever reason, as a clone of abnormal cells populating and rapidly multiplying in the grossly enlarged nodes; but no evidence was obtained to substantiate this. No short-term cultures, as described by Hare et al. (1964) , were made to detect chromosomal abnormalities in the cells populating the lymph nodes. Cells taken at autopsy from two nodes, were cultured as monolayers but these did not show any aneuploidy of those cells observed in mitosis. This was also noted by Basrur et al., (1964) who found aneuploidy in cells from a bovine lymphosarcoma, cultured for 24 hours but not after 7 days. From observations on a large number of monolayer cultures established from tissues of cases of bovine lymphosarcoma we have been unable to find any cytological difference from normal bovine cultures. It is possible that the cells which established the monlayers are unaffected by the sarcomatous process, or that the percentage of cells which showed an aberration was so small as to make any abnormality difficult to find. This latter hypothesis may be the reason for the failure to detect chromosomal changes in the circulating leucocytes in the other cases examined.
SUMMARY
The chromosomes found in the leucocytes cultured from the blood of cattle (Bo8 taurus) number 60. The 58 autosomes can be considered to be acrocentric, differing only in length. The mean relative length of the autosome pairs has been measured. That of the longest was found to be 5-3 ± 0-4 per cent and the shortest 1-9 ± 0*2 per cent. Between these extremes the chromosomes range in length without any sharp division.
The mean relative length of the X chromosome, which is a large submetacentric, was 5*5 ± 0-2 per cent and that of the Y chromosome which is a small submetacentric 2*5 + 0-2 per cent.
Blood was cultured from 5 cattle with lymphosarcoma. One showed an abnormal karyotype in 67 per cent of the cultured leucocytes. These cells were distinguished by a karyotype number of 65, of which one chromosome was a large metacentric.
On the basis of length compared with that of the normal pairs, a possible karyotype arrangement is suggested.
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